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Since Charles Elton (Elton 1924) brought to the attention of a wider audience multi-annual population oscillations in Collett's (1911-12 ) data on lemmings (Stenseth and Ims 1993a) , the fluctuations of northern small rodent populations have inspired many ecologists. The large number of review papers published on small rodent population dynamics (Krebs and Myers 1974 , Taitt and Krebs 1985 , Hansson and Henttonen 1988 , Batzli 1992 , Stenseth and Ims 1993b , Norrdahl 1995 , Korpimäki and Krebs 1996 , Krebs 1996 , Stenseth 1999 , Turchin and Batzli 2001 shows that the phenomenon of multiannual fluctuations has been one of the most important and intensively studied issues in the field of population ecology. Batzli (1992) listed 22 different hypotheses to explain small rodent population cycles, and since then new ones have been published and old ones have been modified. Stenseth and Ims (1993b) divided the hypotheses into three main categories: 1) abiotic factors, like sunspots and weather, 2) biotic intrinsic factors, like genotypic and phenotypic behavioural and physiological changes in populations, and 3) biotic extrinsic factors, such as predation, food, diseases and parasites (for another classification of the hypotheses see Turchin and Hanski 2001) . In addition to the single-factor hypotheses, several multifactorial explanations have been proposed as well (Lidicker 1988) .
Currently one of the most popular and most-studied hypothesis to explain small mammal population cycles is the predation hypothesis, or more precisely, the specialist predator hypothesis (Andersson and Erlinge 1977 , Henttonen 1987 ). This hypothesis posits that multiannual oscillations in northern vole populations are due to delayed density-dependent mortality imposed on the vole populations by resident small mustelids, particularly the least weasel (Mustela ni6alis ni6alis L.).
To critically test the predation hypothesis, it is necessary to manipulate prey and/or predator numbers directly. The exclusion or removal of voles is practically impossible from sufficiently large replicated areas. Therefore a more practical method is to exclude predators by fencing prey populations, or by complete removal of predators or reduction of their numbers. Unfortunately, every one of these approaches has its problems because it would be very expensive and laborious to do such manipulations at large enough scale, to replicate the experiments properly, and to have comparable controls. Most of the enclosure experiments of predation on vole or lemming populations suffer from at least one of these basic problems (Taitt et al. 1981 , Taitt and Krebs 1983 , Erlinge 1987 , Desy and Batzli 1989 , Desy et al. 1990 , Ylö nen et al. 1991 , Lin and Batzli 1995 , Reid et al. 1995 , Wilson et al. 1999 . For instance, small enclosures may lead to the so-called fence-effect (Krebs et al. 1969 , Ostfeld 1994 , with the numbers of voles increasing to abnormally high densities due to lack of dispersal, and this effect may mask the possible effect of predator exclusion. On the other hand, reducing predator numbers, or even completely removing them, has an extra problem. The removal of predators from large replicated areas is difficult, because predator removal should be conducted at the time when predator numbers are at their peak. Apart from just the problem of large numbers, there is the complication that following the removal of predators there will be a continuous flux of new predator individuals from areas next to the experimental ones (Graham 2001) . Without continuous predator removal the treatment effect is likely to be short-term, and therefore not very convincing (Korpimäki and Norrdahl 1998) .
In Finland, vole populations tend to fluctuate with 3-5 yr periodicity Henttonen 1985, 1988) . The most important single factor shaping these cycles is thought to be the interaction between the least weasel and its main prey species, the field vole (Microtus agrestis L.), or Microtus voles in general (Henttonen 1987 , Hanski and Henttonen 1996 . This hypothesis is supported by observational , Norrdahl and Korpimäki 1995a , theoretical (Hanski et al. 1991 , 1993 , Hanski and Korpimäki 1995 , Hanski and Henttonen 1996 , Turchin and Hanski 1997 , and some experimental studies (Korpimäki et al. 1994 , Klemola et al. 1997 , 2000 , Korpimäki and Norrdahl 1998 ), but we still lack convincing experimental evidence for the predation hypothesis.
In this study I attempted to test the predation hypothesis in large replicated areas with comparable controls; that is, on islands of 5 to 10 km 2 in size in lakes. The test involves a perturbation of the natural vole-weasel dynamics by an experimental increase of the numbers of weasels. In nature the numbers of weasels track the numbers of voles with a time lag . The theory predicts that this time lag is generated by the numerical response of the predators. My aim was to eliminate the time delay in weasel's numerical response by adding weasels at the point in time when the voles are in the early increase phase of the cycle but the weasels are still scarce, and thereby to prevent vole populations from increasing.
Material and methods
Study areas
The study was conducted on six islands in large lakes in eastern and central Finland (Fig. 1) . The islands form three pairs, consisting of an experimental island, where the weasels were released, and a comparable adjacent control island. Not all islands were real islands, because some of them have a narrow connection to mainland (Fig. 1) . The study areas were situated in Lake Pielinen (63°N, 29°E), Lake Saimaa (61°N, 29°E) and in Lake Päijänne (61°N, 25°E). The area of the islands ranged from 5.6 to 9.5 km 2 and the distance between the control and the experimental islands varied from 5 to 10 km. The main habitat in all study areas was managed mixed coniferous and deciduous forest. The proportion of agricultural land, which is the main habitat for the field vole, ranged from 7 to 10% of the land area (Table 1) . Lake Saimaa study areas were more densely populated by people, while the study areas in Lake Päijänne and in Lake Pielinen were sparsely populated.
Background data on vole dynamics
To record the local pattern of vole population dynamics and the best time for weasel releases, the avian predator ringing data provided by the Finnish Ringing Centre were used. Time series of the numbers of nestlings of vole-eating avian predators ringed in the square area of 100 × 100 km 2 (90×90 km 2 in Lake Saimaa) around the island pair were used as background information on vole population fluctuations in the particular area. Among the avian predators highly dependent on voles in their breeding, data for the two most numerous resident species, the Tengmalm's owl (Aegolius funereus L.) and the Ural owl (Strix uralensis Pall.), were used. Previous studies demonstrate that the numbers of ringed nestlings of these two species closely reflect the overall density of voles Norrdahl 1989, Brommer et al. 2002, J. Sundell et al., unpubl.) . The log(x + 1)-trans- Fig. 1 . Map of the study areas. Experimental (E) and control (C) islands are shown with dark shading. formed data were analysed for the entire data set available as well as for the period prior to the experiment using auto-correlation analysis.
Other information related to vole population fluctuations were obtained from the Finnish Wildlife Triangle Programme co-ordinated by the Finnish Game and Fisheries Research Institute (Lindén et al. 1996) . In this programme the winter tracks of the game animals crossing the triangle-shaped census route of 12 km are counted usually in February. These counts have been made since 1989. The two most specialised mammalian predators of voles, the least weasel and the stoat (Mustela erminea L.), are probably the best indicator species of vole numbers. The mean tracking indices of all triangles located within a circle with radius of 40 km around the island pair were used. Mean number (9S.D.) of triangles counted/year were 6.6 (2.4), 13.0 (3.5) and 11.2 (3.9) for the study areas around Lake Päijänne, Lake Saimaa and Lake Pielinen, respectively.
Vole trappings
Two methods were used for monitoring the vole population dynamics in the study areas and for detecting the optimal time for weasel releases. The first method is the so-called small quadrat method (Myllymäki et al. 1971) , in which three Finnish metal snap-traps are set in each corner of 15 ×15 m 2 square for two consecutive nights. Traps were baited with rye bred and checked twice, after the first and the second night. Snap-trappings were conducted bi-annually in May soon after snow melt and in September before the first snow, from autumn 1996 to autumn 2000, except at Lake Saimaa, where trappings were not conducted in 2000. In the beginning of the study, in autumn 1996, 45 permanent small quadrats per island were distributed across the study areas in different habitats, including forests (10 quadrats), clear-cuts (10) and fields (25). Later on, when the weasel additions started (in different times in different study areas), 15 small quadrats in field habitats were replaced by live-trapping sites. The species, Table 1 . Description of the study areas: total area (km 2 ), percentage of agricultural land (the rest of the area is mainly managed forests), distance between experimental and control islands (km) and the number of resident families in the area ( = inhabitants). sex and sexual maturity of voles caught were determined. Males were scored as mature if testes were scrotal, otherwise they were recorded as immature. Females were considered to be mature if they had perforated vagina or were lactating or visibly pregnant. Live-trappings were conducted in favourable field vole habitats in order to get more accurate results about the dynamics of the field vole, which is thought to be the key prey species in the vole-weasel interaction (Hanski and Henttonen 1996) , and hence the effect of weasel additions was expected to be primarily seen in field vole population dynamics. Ugglan Special (number 3; Grahnab, Hillerstorp, Sweden) multiple capture live-traps baited with oats were used. Live-traps (36 per grid) were set in each of six live-trapping areas per island. The distances between the trap stations within live-trapping grid were 10 m. The shape and hence the trapping area varied somewhat between the live-trapping grids due to the shape of the particular field studied. The area covered by traps ranged from 2200 to 2500 m 2 . Trappings were conducted in May, July and September starting in May 1997 in Lake Saimaa, in July 1998 in Lake Pielinen and in July 1999 in Lake Päijänne. In Lake Saimaa live-trapping was conducted until July 1999, and in the other two areas until September 2000. In the beginning of each trapping period, traps were baited and left open for one night. In the next day they were set at noon and checked at 16, 20 and 24 hours, after which they were left open for the rest of the night and the following morning. Traps were set again at noon the next day. The same procedure was repeated during the next four days. During the five-day trapping period, traps were checked 15 times. Animals captured were examined in the similar manner as in snap-trappings, but voles were also weighed and marked with toe-clipping, after which they were released at the point of capture.
No direct density estimates were derived from livetrapping results due to relatively small numbers of voles captured per live-trapping area in most trapping sessions. Also, the effective trapping area was difficult to measure without reliable estimates of home range size of voles. The trappings appeared to be so intensive that at low or moderate vole densities no more unmarked individuals were captured during the last checks of the traps. Even if the number of marked individuals per trapping session is likely to be close to the actual number of voles present in the area during a particular trapping period, it is still only a density index.
Weasel additions
The weasels that were used in the additions to the experimental areas were mainly young individuals born in captivity at the Lammi Biological Station (61°N, 25°E
). Towards the end of the experiment some older weasels and some wild-born individuals from the breeding colony were also released. Prior to their release, the weasels were kept singly in 25 m 2 outdoor enclosures constructed in a field habitat and were fed mainly with voles (for more detailed description of the housing and breeding of weasels see Sundell 2003) .
Timing of the first additions and the numbers of weasels to be added were based on literature of weasel population densities in nature (Nyholm 1959 , Lockie 1966 , Erlinge 1974 , Fitzgerald 1981 , Oksanen and Oksanen 1992 , Oksanen and Henttonen 1996 as well as on the results of vole trappings in the study areas. In addition, information on the numbers of the nestlings of vole-eating owls in the study area was used (see above).
Most weasels were released in the vicinity of livetrapping areas, but when a larger number of weasels was released simultaneously, extra ones were released into other locations in the experimental island. All weasels were marked with electronic transponders (Electronic ID, INC., Cleburn, USA) injected under the skin to allow the identification of the released animals if captured during the vole trappings. For estimating the survival and behaviour of the released captive-born weasels, five weasels in the Lake Päijänne and twelve in the Lake Saimaa study area were radio-tracked after the release (detailed description of the methods and results in P. Hellstedt, unpubl.).
Predator monitoring
All observations of predators were recorded whenever the study areas were visited. In addition to these casual observations, the intensity of predator activity was estimated with predator observations during the live-trapping periods with approximately constant time spent for observations at each trapping site.
In the study areas in Lake Saimaa and Lake Pielinen, logistics did not allow monitoring of weasel activity and the work was restricted to Lake Päijänne study area. An activity index of weasels in the experimental and control islands in Lake Päijänne was obtained with snow-tracking in winter and with tracking tunnels (King and Edgar 1977) employed during snow-free periods in 1999 -2001. Snow-trackings were done along tracking routes (11.1 and 11.3 km in experimental and control islands, respectively), which followed field edges and visited all the live-trapping sites. The snow-trackings were conducted, if possible, in two consecutive days after snowfall. In the first day, all tracks crossing the route were considered as new ones and were counted and marked, so that it was possible to discriminate them from new ones observed after the first tracking. Weasel tracks were followed in order not to count the same individual twice. The mean number of weasels crossing 10 km of route per day in two consec-utive days was used for calculating the activity index. Tracking tunnels (50 per island) designed for weasels were distributed in the vicinity of live-trapping areas, in places that were thought to be used by weasels. Activity indices were counted as the number of tunnels visited by weasels per day. If tracking tunnels were checked in two or three consecutive days, the mean number of tunnels visited was used.
Many Finns living on the countryside have domestic cats (Felis catus L.). An inquiry was conducted among people living in the heavily inhabited study islands in Lake Saimaa. People were asked whether they had cats or whether they had had cats during the study period. They were also asked about observations of cats running wild and their opinion about the numbers of other predators in the area.
Results
Long-term dynamics
Visual inspection of the data on the breeding success (number of nestlings ringed) of the Tengmalm's owl and the Ural owl in the areas surrounding the study islands indicates a clear 3-year cyclicity in Lake Päi-jänne, except at the end of the study period, when the number of ringed nestlings remained at high or moderately high level for four years (Fig. 2) . The low numbers in 1975 until 1985 in all study areas most likely reflect just lower ringing activity (P. Saurola, pers. comm.). Lake Pielinen shows periodicity of three to four years, which is consistent with earlier observations that this area belongs to the transition zone between the regions of 3-yr and 4-yr cycles (Hanski et al. 1991) . In the surroundings of Lake Saimaa, the dynamics were similar to that in Lake Pielinen, even if the regularity was reduced towards the end of series, and the last 'cycle' lasted only two years.
Auto-correlation analysis for the period 1973 to 1995, prior to this study, shows the highest auto-correlation at lag 3 years in Lake Päijänne and Lake Saimaa, with the pattern being most distinct in Lake Päijänne. In Lake Pielinen, the highest and significant auto-correlation occurred at lag 1 yr, followed by non-significant lag at 3 yrs. Analysing the entire data series for 1973 -2000, the results were similar, thought now the lag 1 auto-correlation in Lake Pielinen was non-significant (Fig. 2) .
The Wildlife Triangle data on tracking indices of weasels and stoats showed rather synchronous fluctuations between the two species, with an indication of 3-4 yr periodicity in the beginning of the time series in Lake Saimaa and Lake Päijänne. However, since the middle of the 1990's the dynamics have been more stable or irregular. There is no clear pattern in the data from Lake Pielinen (Fig. 3) . 
Vole dynamics in the control areas
In general, all vole populations in every control area showed seasonal fluctuations -vole numbers decreased during the winter and increased during the summer (Fig. 4 and 5 ). Only in a few cases did vole numbers remain the same or slightly decreased during the summer. Statistical study of periodicity is not possible with such short data sets, but visual inspection (Fig. 4) gives the impression of lack of regular 3-yr cycle during the study period. For instance, the Lake Päijänne study area had a very high density of both vole species in autumn 1997, suggesting that the next peak should be reached in autumn 2000. Accordingly, bank voles reached a high density in autumn 1999, while numbers of field voles did not increase at all in snap-trapping data and increased only moderately in live-trapping data (Fig. 4 and 5) . The peak of the bank vole was also very short, lasting only for less than a year (Fig. 4) . The patterns were basically the same for the two common vole species. Generally, more field voles than bank voles were captured in live-trappings conducted in the fields, which are the favoured field vole habitat. The reverse is the case in snap-trapping results, which were conducted also in clear-cuts and forests, were the bank vole is usually numerically dominant. the control and experimental islands in Lake Päijänne in 2000.
The number of weasels caught during live-and snap-trapping of voles was 34, of which 25 were caught after weasel additions. In Lake Pielinen and Lake Päijänne, more weasels were caught in experimental than in control areas after weasel additions, while in Lake Saimaa the situation was the opposite, though in none of the areas was the difference statistically significant (sign test: in all areas p\ 0.25). Only five animals were confirmed to be captive-born released weasels.
In Lake Päijänne, where the activity of weasels was monitored intensively, activity peaks followed the release of weasels in the experimental area, after which the activity soon declined (Fig. 6) . Weasel activity was higher in the experimental than in the control area during the monitoring period (sign test: M =3, n =26, pB0.001), except in snow-tracking in winter 2000 (Fig. 6 ).
Other predators
Observations of potential vole predators in live-trapping areas during the trappings did not show differences between the control and experimental areas. During eight trapping periods altogether 12 and 14 predators were observed in the Lake Saimaa experimental and control island, respectively. The corresponding numbers in Lake Pielinen were 10 and 4 (8 trapping periods) and in Lake Päijänne 11 and 6 (5 trapping periods; sign-tests in all comparisons p \ 0.45). The most common predators seen in the livetrapping areas were domestic cats, which were seen altogether 24 times, of which 17 observations were made in Lake Saimaa. Another common species was the common buzzard (Buteo buteo L.).
Cat inquiries were not conducted in Lake Pielinen and Lake Päijänne, but based on own observations, the number of domestic cats is likely to be below 10 individuals per island in these study areas. The inquiries in the Lake Saimaa revealed that in the control island there were more than 18 cats (22 households out of 32 interviewed). In the experimental island, the number of cats was at least 25 (32 households out of 50 interviewed). Besides the domestic cats, feral cats were common on both islands. One hunter told that he had shot tens of feral cats during the past ten years just within his own yard in the experimental island. Another hunter had trapped more than 30 cats from one trap in two years (1998 -1999) in the control island. On both islands, inhabitants stated that the raccoon dog (Nyctereutes procyonoides Gray) and the red fox (Vulpes 6ulpes L.) are very common, which is also supported by my own observations.
Weasel additions and dynamics
Altogether 159 weasels were released during the study, including 84 females and 75 males. Timing of the release and the numbers released are shown in Fig. 4 . Considerably larger numbers of weasels were released in Lake Päijänne than in the other study areas. This was done because no apparent effect of additions was detected in the two other areas where weasel additions started earlier than in Lake Päijänne, and because the trapping results (Fig. 4) suggested that a synchronous vole peak was expected in both Fig. 4 . Population dynamics of the two most common vole species, the field vole (black circles) and the bank vole (white circles) obtained by bi-annual snap-trappings conducted in the spring and in the autumn in forest, field and clear-cut habitats. The vole density indices in the experimental areas are shown in the upper panels, and in comparable control areas in the lower panels. Arrows with numbers indicate the timing and numbers of released weasels.
Impact of weasel augmentation on prey populations
Vole populations on the control and experimental islands show rather synchronous dynamics both prior to the weasel additions and afterwards. The only exception is Lake Pielinen after weasel additions. Results of live-trappings and snap-trappings in 1999 indicate slight decrease of field vole numbers from May to September in the experimental area, while the numbers increased substantially and significantly on the control island ( Fig. 4 and 5) .
The structure of field vole populations was studied with log-linear models, using the factors 'functional category of population' (C: sex; male or female, and alternatively maturity; immature or mature females), 'treatment' (TR: weasels added or not), and 'time' (T: before or after weasel additions). For the pooled data of snap-trappings and live-trappings the most parsimonious model was selected.
In Lake Pielinen, even the most complicated model including all three pairwise interactions (C × TR, C× T, TR× T; Table 2 ) did not fit the data, indicating the presence of three-way interaction (C × TR×T). Note that other simpler models have only limited biological interest for the different functional categories and treatment effect. Lake Pielinen data were further analysed by two-way tables to find out the direction of interactions. The experimental area had a male-biased sexratio after manipulation of weasel numbers. The percentages of males were 65 and 50% in experimental and control islands, respectively (x 2 = 28.2, df = 1, pB 0.0001), while the relationship was the opposite, though non-significant, before weasel augmentation. Furthermore, the proportions of mature female field voles in Lake Pielinen were 72 and 76% in the experimental and control islands, respectively, following the weasel additions, while corresponding percentages were the opposite before weasel additions, 71 and 58%. The latter difference was significant (x 2 = 13.0, df = 1, p=0.0003).
Discussion
Impact of weasel augmentation on prey dynamics
Weasel additions failed to change the vole population dynamics on the experimental islands in Lake Saimaa and Lake Päijänne; there was no difference between the experimental and control islands in the direction predicted either in population size or in the structure of populations. In contrast, weasel additions appeared to have an effect on the field vole dynamics in Lake Similar observations on the structure of vole populations have been made also in other studies examining the effect of predation on vole populations (Korpimäki et al. 1994 , Norrdahl and Korpimäki 1995b , Klemola et al. 1997 . The male-biased sex-ratio in field voles in Lake Pielinen could be the result of especially high predation pressure on females by the least weasel, but the indication of smaller proportion of mature female voles in the experimental than in the control island suggests that the weasel augmentation may have affected primarily the numbers of mature female field voles, which could be due to disproportionally high vulnerability of this functional group to predation.
The lack of an effect of weasel augmentation on vole populations in Lake Saimaa and Lake Päijänne was associated with generally low abundance of field voles after weasel additions also in the control areas. Note that in Lake Pielinen study areas field vole densities reached values that were up to five times greater than in Lake Saimaa and Lake Päijänne (Fig. 5) . Naturally, if the prey densities remained at a constantly low level, a great impact of predator addition would not be expected. No effect was seen in the bank vole dynamics. The generally lower density of the bank vole especially in field habitats that are favoured by the least weasel may explain the lack of any treatment effect of the experiment. Indeed, the effect of weasel additions was expected in field vole population dynamics and population structure.
Previous experiments and lessons for future experiments
Since the review paper by Korpimäki and Krebs (1996) , in which they expressed the concern about lack of well-designed experiments on the effects of predation on vole population dynamics, some experimental studies have been completed. In western Finland, removal of main vole predators from unfenced (2 -3 km 2 ) replicated areas supported the predation hypothesis Norrdahl 1998, Korpimäki et al. 2002) . In these studies Korpimäki and his co-workers reduced either small mustelids or tree-nesting avian predators, Pielinen; the population in the experimental island declined or did not increase, depending on the trapping method, while in the control island their numbers greatly increased during the first summer of manipulation.
The weasel augmentation also influenced the sex-ratio of field voles in Lake Pielinen. The sex-ratio of field voles was male-biased in the experimental island following the weasel release, and nearly even in the control island. There was also a slight indication that the manipulation of weasel numbers influenced the proportion of mature females, since the proportion of mature female field voles was lower in the experimental area than in the control area, following the weasel additions. However, the opposite was true before the manipulation; the proportion of mature female field voles was significantly higher on the experimental than on the control island. Table 2 . The most parsimonious log-linear models fitted to the pooled data of field voles. Factors are 'functional category of population' (C) with two levels of sex: male and female or two levels of maturity; mature and immature females, 'treatment' (TR) with two levels: weasels added or not, and 'time' (T) with two levels: before and after weasel additions. Lake Päijänne Model Lake Pielinen Model Lake Saimaa Model or both types of predators. They concluded that reduction of mustelid predators increased the proportion of breeding female voles compared to the control areas (Korpimäki et al. 1994 , Klemola et al. 1997 ) and therefore predation by weasels slows down the population growth of voles. They also suggested that the presence of weasels suppresses the breeding of voles or that pregnant female voles are selectively hunted by small mustelids. Furthermore, their conclusion was that neither avian predators nor mustelid predators alone can regulate vole populations, but that together they can (Norrdahl and Korpimäki 1995c , Korpimäki and Norrdahl 1998 . Experiments conducted in the same area in four 1-ha predator-proof outdoor enclosures produced results consistent with the results of the field experiments, showing rapid growth of enclosed populations compared to four control populations exposed to predation (Klemola et al. 2000) . On the other hand, a recent experiment conducted in Scotland has produced results that do not support the predation hypothesis (Graham 2001) . Experimental reduction of weasels from three unenclosed clear-cut areas (5 -12 ha) did not affect the vole population dynamics. Graham (2001) concluded that the negative result was due to a general lack of delayed numerical response of weasels in the study area, which would imply that weasels do not drive the cyclic dynamics of voles. Here it should be noted that the vole population dynamics, even cyclic, are not similar in Scotland as in Fennoscandia. In Scotland, the field vole numbers fluctuate generally between 50 -200 ind. ha − 1 (Lambin et al. 2000) , whereas in low years in Fennoscandia the densities are below 1 ind. ha − 1 . There are no strong reasons to assume distinct numerical response in weasels if the vole densities are constantly above 50 ind. ha − 1 . The results of this study do not clearly agree or disagree with the predictions of the predation hypothesis. Two study areas of three did not show any effect of weasel augmentation, while in one area there was strong indication that released weasels affected the dynamics and structure of field vole population. Thus without sufficient replication for either result, I cannot reject the predation hypothesis, nor can I conclude that it is strongly supported. The current experiment suffered from two main problems, which made the interpretation of results difficult, and which should be taken into account while planning similar experiments in the future.
Unpredictable vole dynamics
The first problem were the irregular local dynamics, which made it difficult to ascertain the appropriate time for weasel additions and, more importantly, made it practically impossible to see any treatment effects at all.
Long-term dynamics of voles as reflected in the owl ringing data and mustelid activity indices obtained by the Finnish Wildlife Triangle Programme in the areas surrounding the study sites suggested that there was a reasonably regular 3-yr or 3 -4 yr cycle in the 1980's and 1990's (Fig. 2) . However, the results of both liveand snap-trappings in the control islands showed no clear local multiannual cycles.
The reason for irregular dynamics might be that the study areas are not representative of the regional dynamics. Some studies conducted on islands have reported cases in which the dynamics on islands differed from mainland populations, the island populations often reaching higher densities and being more stable (Gliwicz 1980) . However, these studies have been made on very small islands compared to the islands in the present study. Furthermore, the present islands are not very isolated, because they are well-surrounded by smaller islands and also the mainland is close. Hence, it is not likely that lack of clear cyclicity in this study would be caused by some kind of island effect. Indeed, in Lake Päijänne, the owl ringing data and two independent trapping surveys of voles ca 50 km to the south (H. Pietiäinen, pers. comm.) and ca 20 km to the north (H. Henttonen, pers. comm.) from the study area indicate that there was no difference in regional and local dynamics of voles.
The irregularity of the dynamics in the present study may reflect a more general phenomenon of reduced regularity of vole cycles in Fennoscandia. This phenomenon has been reported from northern Fennoscandia already in the 1980's , Hö rnfeldt 1994 , Hanski and Henttonen 1996 , Hansson 1999 , Henttonen 2000 , and recently also from more southern localities (Lindströ m 1994 , Steen et al. 1996 , Kaikusalo and Henttonen 2000 , Henttonen 2001 ). Indeed, the long-term data on owls and mustelids in the larger surrounding areas suggest that regularity was generally reduced towards the present time ( Fig. 2 and  3) .
In Lake Saimaa there is another more obvious explanation for the lack of regular cycles. Vole numbers fluctuated at a moderately low level on both control and experimental islands (Fig. 4) . The relatively low abundance of voles and lack of regular cycle in Lake Saimaa study islands is most parsimoniously explained by the large numbers of generalist mammalian predators. In theory, predation by the generalist predators should stabilise vole population dynamics (Andersson and Erlinge 1977, Hanski et al. 1991) . Feral cats were clearly more abundant in Lake Saimaa than in the other study areas, based on the inquiry and observations made during live-trappings. Cats, as representatives of generalist predators, have previously been observed to have the ability to dampen population oscillations of small mammals when they occur in sufficiently large numbers (Hansson 1988) .
Both indicators of long-term regional dynamics, the owl ringing data and mustelid tracking indices, show that the Lake Pielinen study area has had the least regular dynamics of the three study areas. Previously this area has been categorised as part of the transition zone between 3 and 4 year periodicity in vole dynamics (Hanski et al. 1991) . There are some indications that the control and experimental islands might be out of synchrony. This possible asynchrony between the control and experimental areas might have contributed to the observed difference between the experimental and control islands in the dynamics of field voles after weasel additions, but because bank voles fluctuated in synchrony on both islands, the impact of weasel additions is a more likely explanation. Also the differences in population structures between control and experimental islands support the treatment effect.
The only solution for these kinds of problems is to have more long-term data on the local vole population dynamics in the very study areas, though even then it is possible that changes in population dynamics would occur during the experiment. Irregularities in the dynamics may be a natural phenomenon and occur even in generally regularly cycling populations (Hanski and Henttonen 1996) , but by knowing the long-term history of local population dynamics it is possible to exclude those areas which clearly do not have local cyclic dynamics, as Lake Saimaa in the current study. Naturally, the practical problem is that obtaining the accurate history of local dynamics for n years takes a study of n years.
The weasel density and survival of captive-born weasels
The second problem relates to the natural weasel densities and consequently the right numbers of weasels to be added. Natural weasel density during the cycle in a particular area is a crucial issue while planning manipulation of their numbers. This is very difficult to obtain, but is clearly needed, otherwise it is always easy to criticise that too few or too many weasels were added, or too few removed if considering removal experiments (Korpimäki and Norrdahl 1998) . Unfortunately, in the literature, the density estimates vary greatly, and in most cases only density indices are available. In those studies, where researchers have boldly tried to estimate the real numbers of weasels in particular areas, the density estimates vary from 0.5 to 45 km − 2 (Lockie 1966 , Erlinge 1974 , Oksanen and Oksanen 1992 , Oksanen and Henttonen 1996 , Jedrzejewska and Jedrzejewski 1998 . If home ranges are mainly non-overlapping and attached to each others, densities can be locally as high as 100 ind. km − 2 (Nyholm 1959 , Fitzgerald 1981 . In addition, while adding predators, too few weasels can be released not only because of underestimation of natural densities, but also because of higher than expected mortality. According to the data on radiotracked weasels (P. Hellstedt, unpubl.), 44% of released weasels died during the radio-tracking period (max duration of tracking was 25 days). The main causes of mortality were starvation and predation. The intensive monitoring of weasel activity in Lake Päijänne (Fig. 6) showed a decrease in weasel activity in the experimental area soon after the release of weasels, and moderately low recapture rate of the released weasels indicate high mortality of the animals or movement outside the study area. It is difficult to know whether the observed high mortality is caused by rearing of the weasels in captivity, or whether it is a natural phenomenon for young weasels starting their independent life. Almost all released weasels were young and captive-born. In the sparse literature on survival of weasels, King (1980) estimated the expected lifespan of weasels to be well less than one year, while Jedrzejewska and Jedrzejewski (1998) recorded mortality of 87% during six months. If mortality is high due to young age (inexperienced individuals) or captive-born origin of weasel, then the best option would be to use older and wild-born individuals for additions. If captive-born animals are used they should be trained for hunting and avoiding predators to be sure that they act as wild-born ones. The rearing in large out-door pens, feeding with live prey and short time spent in captivity all are thought to improve the survival skills of mustelids after release (Biggins et al. 1999, Vargas and Anderson 1999, P. Hellstedt, unpubl.) . The use of well-trained or wild-born individuals does not eliminate the problem of underestimation of mortality, but gives a solid base for using mortality estimates in the literature on natural populations, if any reliable estimates are available.
Density estimates, instead of just density indices, for weasels are important also for assessing the nature of the numerical response of weasels. Graham (2001) concluded that reducing weasel numbers did not change the multi-annual nature of field vole dynamics in her experiment, primarily due to the lack of time delay in the numerical response of weasels, and that the weasel is therefore not the driving force in the cyclic dynamics of voles in her study area in Scotland. Furthermore Graham (2001) criticises the method and interpretation of the results of weasel snow-trackings conducted in western Finland showing delay in the numerical response of the least weasel . According to Graham (2001) , the apparent delay might be a result of increased activity of weasels with decreasing food availability. Knowing the importance of the time delay in predators' numerical response (May 1973) for generating cyclic fluctuations, one of the aims of future studies should be on the nature of the weasel's numerical response to changes in vole population density. OIKOS 101:2 (2003) Previous studies made in western Finland suggested that removing only mustelid predators did not reverse the crash phase of the vole cycle, but when also the breeding avian predators were removed, voles did not decline in the manipulated areas (Korpimäki and Norrdahl 1998) . Similarly, Klemola et al. (2000) excluded all predators from large fenced experimental areas and concluded that predation inhibited the increase of vole populations in their unfenced control areas. It may similarly be the case in the present study that just increasing the weasel numbers was not enough, but increasing the numbers of the entire guild of vole predators would have produced a noticeable effect on vole population dynamics. On the other hand, specialist resident mammalian predators and nomadic avian predators should have opposite effects on vole population dynamics; the former having a destabilising and the latter a stabilising effect (Andersson and Erlinge 1977, Norrdahl and . This makes the results of the experimental reduction of both mammalian and avian predators difficult to interpret (Graham 2001) . Also, to study the effect of the entire predatory guild with the method of predator augmentation would be very difficult, even impossible. To release highly mobile avian predators to study areas is most probably useless, because the birds might leave the area without difficulty. To somehow attract birds of prey to experimental areas might be the only possibility (Carlsen 1999) .
Taking together the contradictory results of this study, studies done in western Finland by E. Korpimäki and others (Korpimäki and Norrdahl 1998 , Klemola et al. 2000 , and the removal study conducted in Scotland (Graham 2001) , it is clear that we still need more experiments on the effect of predation, or more specifically on the effect of weasels, on vole population dynamics. At present, the conclusion is that there is no conclusive evidence either against or for the specialist predation hypothesis for a mechanism driving the vole dynamics in the boreal region.
